We have proposed that inappropriate induction of progrmmed cell death (PCD) or apoptosis, a physiological cell-suicide process, may play a role in the pathonesis of AIDS. This model has been supported by several reports of abnormal levels of PCD in vitro in both CD4+ and CD8+ T cells from human immuno iency virus type 1 (HlV-1)-infected persons. To further assess the nce of such a process In
years to CD4+ T-cell depletion and AIDS (1) . Several years before the onset of CD4+ T-cell depletion, HIV-1-infected persons also show early T-cell functional defects characterized in vivo by a loss of cellmediated delayed-type hypersensitivity reactions and in vitro by a failure of T cells to proliferate in response to T-cell receptor stimulation by recall antigens and by various mitogens (1) (2) (3) (4) (5) . We have proposed that both early T-cell dysfunction and late T-cell depletion in HIV-1-infected persons may be related to the inappropriate induction of programmed cell death (P cause by indirect interference of HIV with intercellular signaling (6, 7) . Unlike necrosis and cell degeneration, PCD or apoptosis is a physiological cell-suicide process that can be induced or suppressed by activation signals provided by the local environment (8, 9) ; the involvement of such a process in AIDS pathogenesis could have potential therapeutic implications (6, 7) .
Experimental support for our model has been provided by a series of observations from several laboratories, including ours (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) , showing that (i) in vitro dysfunction of CD4+ and CD8+ T cells from HIV-1-infected persons is related to abnormal induction of PCD (10) (11) (12) (13) (14) , (ii) the cytopathogenic effect of HIV-1 in CD4+ T cells is due to PCD induction (15, 16) , (iii) the crosslinking of CD4 by the HIV-1 envelope protein triggers PCD in uninfected CD4+ T cells (17) (18) (19) , and (iv) HIV-1 thymus infection leads to thymocyte depletion because of in vivo induction of thymocyte PCD (20) . In addition, recent findings have indicated that transient abnormal T-cell PCD can also be observed during acute viral infections that lead to transient immunosuppression (21) (22) (23) (Fig. la) . Abnormal levels of PCD were also observed in CD8V-T-cell-depleted PBMC, containing the CD4+ T-cell population; in CD4+-T-cell-depleted PBMC, containing the CD8+ T-cell population; and in 95% pure CD4+ T cells in either the absence or the presence of added syngeneic adherent accessory cells (Fig. la) .
Apoptosis was further assessed by three different methods (see Material and Methods), including fluorescence microscopy after stainingwith the nucleardye Hoechst 33342 (Fig. lb) , a flow cytofluorimetric analysis after staining with the nuclear dye acridine orange (Fig. ic) , and DNA fragmentation by the DNA electrophoresis technique (Fig. id) . Percentages of apoptotic cells were similar when assessed under the light microscope ( Fig. la) and by flow cytofluorimetric analysis (Fig. lc) .
Rhesus macaques infected with the SIVmac2Sl strain. Experimental infection of rhesus macaques with a number of SIV strains, including SIVmac25l, results in 1-3 years in an AIDS-like disease remarkably similar to that observed in HIV-1-infected humans (26) (27) (28) . Ten SIVmac251-infected rhesus macaques and 6 uninfected controls were explored. A first series of 7 macaques was infected for 9-22 months, 6 being explored two consecutive times with a 1-month interval. Enhanced levels of apoptosis were observed in PBMC and in CD8+-or CD4+-T-cell-depleted PBMC from 2 infected macaques, at both time points, and in 1 additional macaque at one time point only (Fig. 2a) . As for the HIV-1-infected persons ( Fig. 1 b-d) , apoptosis in the macaques was further assessed by three different methods (Fig. 2 b-d) . Abnormal PCD levels in these 3 macaques were not correlated with the inoculate median animal infectious dose (aIDNo) [10 aID5o in 1 macaque, 3000 tissue culture median infectious dose (TCIDso) corresponding to 3000 aIDso (ref. 29) in the other 2], with the duration of infection (9, 11 , and 22 months) or with the CD4+ T-cell counts at the time of the study (550 per mm3 in one, 1200 per mm3 in the other 2).
Of the 10 infected macaques studied, another series of 3 macaques was infected (with 10 aIDso ofthe same SIVmac251 strain) for only 2 months at the onset of the study and were explored four consecutive times over a period of 3 months. Abnormal levels of in vitro PCD were observed in PBMC and in CD8+-or CD4+-T-cell-depleted PBMC from 2 of the 3 macaques (Fig. 3a) . Nonpathogenic Models of Chronic Lentiviral Infection. Primate models explored included four rhesus macaques experimentally infected for 11 months with 3.20 to 320 aID50 of the nonpathogenic viral molecular clone SIVmac251 (27, 28) and two controls; five chimpanzees experimentally infected with HIV-1 for up to 5 years and three controls; and two African green monkees naturally infected with SIVagm and two controls. Abnormal levels ofPCD were observed in one ofthe four infected macaques (Fig. 3b) , in one of the five infected chimpanzees (Fig. 3c ) and in two uninfected African green monkey controls (Table 1 ). In contrast with the pathogenic models described above, PCD in these cases only occurred in the CD4+-T-cell-depleted PBMC, containing the CD8+ T cells, and did not occur in the CD8V-T-cell-depleted PBMC, containing the CD4+ T cells (Fig. 3 b and c and Table 1) . DISCUSSION T cells from HIV-1-infected persons have been shown to be abnormally primed to undergo PCD in vitro (10) (11) (12) (13) (14) . Previous findings by Groux et aL (10) in our laboratory indicated that abnormal PCD induction only involved the CD4+ T-cell population. The present study, performed by other investigators using four different assays to measure apoptosis, clearly shows, in accordance with findings from other laboratories (11, 12, 14) , that PCD involves both CD4+ and CD8+ T cells. This study was undertaken to address the question of the possible significance of PCD in AIDS pathogenesis by exploring primate models of pathogenic or nonpathogenic chronic lentiviral infection. These included chimpanzees experimentally infected with HIV-1 that do not develop disease (30) ; African green monkeys naturally infected with SIVagm that do not develop disease (31) ; and rhesus macaques experimentally infected either with a viral strain ofSIVmac that induces AIDS (26) (27) (28) or with a molecular viral clone ofSIVmac that does not induce disease (27, 28) . Abnormal in vitro induction ofPCD in CD8+-T-cell-depleted PBMC, containing the CD4+ T cells, was only observed in humans infected by HIV-1 and in rhesus macaques infected with a pathogenic SIVmac strain-two situations leading to AIDS. In contrast, enhanced in vitro levels of PCD in CD4+-T-cell-depleted PBMC, containing the CD8+ T cells, was observed in both pathogenic and nonpathogenic models of chronic lentiviral infection and in some uninfected primate controls, although less frequently in nonpathogenic and uninfected cases.
Together, these data suggest that the priming of CD4+ and CD8+ T cells for PCD may result from two different processes, with a distinct significance. One, involving CD4+ T cells, appears closely associated with AIDS pathogenesis; the other, involving CD8+ T cells, occurs during both pathogenic and nonpathogenic chronic lentiviral infection, as-well as in other circumstances, and may only be an indirect consequence of immune stimulation. During the course of this study, a correlation between PCD induction and AIDS pathogenesis was also suggested by other reports of (i) (36) . An additional effect of pathogenic lentiviruses on the renewal capacity of CD4+ T cells is suggested by the finding that HIV-1 infection of severe combined inmunodeficient SCIDhu mice reconstituted with human fetal thymuses induces a profound thymocyte depletion that selectively affects CD4+ thymocytes (20) .
Our study suggests that abnormal CD4+ T-cell PCD is specific for pathogenic lentiviral infection but is not detected in each case. It was observed in most but not all of 24 HIV-1-infected persons and in 5 of the 10 macaques infected with the pathogenic strain of SIV, but not at all time points, suggesting a fluctuation of this process during the course of the infection. T cells that are recirculating in the peripheral blood represent at any given time <2% of the total T lymphocyte pool in the body (37) . It is therefore possible that the presence ofT cells primed for PCD in the peripheral blood only represents an intermittent and indirect consequence of a continuous process of T-cell PCD induction that would mainly occur in the lymphoid organs, in which most of the T cells and most of the viral burden are located (1). Histopathological studies ofT-cell PCD (38) in the lymphoid organs will be required to further assess the in vivo relevance of our findings in the pathogenic and nonpathogenic primate models of lentiviral infection that we have explored.
In conclusion, the present study suggests a mechanism for the immunopathogenesis of AIDS by establishing a corfela- 
